f 2* 683 




Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 373 341 B1 



EUROPEAN PATENT SPECIFICATION 



© Date of publication of patent. specification: 16.08.95 © Int. CI. 6 : B05B 12/00 
© Application number: 89120339.0 ■• ts 
© Date of filing: 03.11.89 - . 



© Gas-aided dispensing of liquid materials. 



m 



CO 
CO 
CO 



© Priority: 12.12.88 US 283259 

@ Date of publication of application: 
. 20.06.90 Bulletin 90/25 

@ -Publication of the grant of the patent: 
16.08.95 Bulletin 95/33 

© Designated Contracting States: 
BE DE ES FR GB IT NL SE 

© References cited: 
EP-A- 0 213 535 
DD-B- 204 216 
DE-A- 3 238 201 
DE-A-3 613 348 
GB-A- 2 054 412 



© Proprietor: NORDSON CORPORATION 
28601 Clemens Road 
Westlake, OH 44145 (US) 

© Inventor: Hall, Robert C. 
10349 Pamela Drive 
Strongville / ■ 

Ohio 44136 (US) 

© Representative: EisenfUhr, Spelser & Partner 
Martinistrasse 24 
D-281 95 Bremen (DE) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
w may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
OL shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
UJ has been paid (Art. 99(1) European patent convention). 

Flank Xerox (UK) Business Services 
<3. 10/3.09/3.3.3) 



BEST AVAILABLE COPY 



1 



EP 0 373 341 B1 



2 



Description 

The present invention relates to systems for 
dispensing fluid material onto a workpiece. More, 
particularly, the invention relates to. fluid dispensing 
systems of the type wherein both a liquid and a 
gas are discharged from a dispensing gun to form 
a deposit of material having a desired conformation . 
on the surface of the workpiece. 

Background of the Disclosure 

EP-A-0 213 535 discloses an automatic spray- 
ing device wherein the amount of displacement of * 
a valve member is calculated from data represent- 
ing a particular spray . distance by means of a 
microcomputer, and the valve member is activated 
on the basis of the displacement amount thus 
obtained. For such a purpose^ a position detecting 
means detects the position of the movable valve 
member and generates a signal corresponding to 
the position of the valve member. The valve mem- 
ber displacement is adjusted in relation to changes 
in distance " between the spraying device and a 
substrate. This change in distance is sensed by an 
ultrasonic - distance measuring means. When a 
change of distance is sensed by the distance mea- 
suring means, a calculation is made by the micro- 
computer, and" a signal is set in order to adjust the 
displacement of the valve member. 

While prior, fluid dispensing systems can pro- 
vide accurate control over the amount of fluid ma- 
terial per unit length contained in a deposit of 
material formed on a workpiece, it is sometimes 
also desirable to have the ability to exercise control 
over the conformation of the deposit. As used 
herein and in the claims, the term "conformation" 
refers to the shape of the bead in terms of its 
cross-sectional profile and the formation of its sur- 
face. For example, in some cases it may be de- 
sired to form a bead of material having a smooth 
surface and a high, well rounded profile while at 
other times a wider, flatter bead having a rippled 
surface may be desired. Moreover, it may be nec- 
essary or desirable to provide beads having differ- 
ing conformations on different areas of the same 
workpiece with such beads being either mutually 
spaced or contiguous with one another. In the case 
of a spray or spatter type deposit of material not in 
the form of a continuous bead, "conformation" re- 
fers to such characteristics as the, width of the 
pattern, the spacing, size and/or shape characteris- 
tics of the jiquid as deposited on the workpiece. 

Accordingly, there is a need for a simple and 
efficient apparatus and method for dispensing liq- 
uid material onto a workpiece in a deposit having a 
conformation substantially different from that which 
would normally be produced by a given nozzle at a 



given pressure and which is capable of maintaining 
a given conformation despite variations in the liquid 
flow rate and/or changes in the relative speed be- 
tween the dispenser and the workpiece. There fur- 

5 ther exists a need for such an apparatus and meth- 
od capable of selectively varying said conformation 
quickly and predictably. There is also a need for 
such an apparatus and method which avoids such 
undesired. disruptions of said conformation as 

10 might otherwise be induced due to momentary 
irregularities in liquid supply pressure such as 
those which may be associated with the intake 
phase of the pumping cycle of a pump supplying 
liquid material to a dispenser. : * 

75 • • >" 

Summary of the Invention 

The invention provides, an improved apparatus 
and method for dispensing liquid material to form a 

20 deposit having a desired conformation on the sur- 
face of a workpiece. The liquid material , is dis- 
charged under pressure from the nozzle of a dis- 
: * pensing gun which can be manipulated by a robot 
to lay . the deposit along a programmed pattern. 

25 One or more gas jets are directed toward the liquid 
material after the material is discharged from the 
nozzle to impart a desired conformation to the 
deposit of material. According to a first aspect of 
the invention, the flow rate of the gas jets is modu- 

30 lated .by an electropneumatic transducer in accor- 
dance with at least one parameter such as the flow 
rate of material discharged from the nozzle to 
maintain substantial uniformity of the conformation 
of the deposit despite perturbations in material flow 

35 rate. Where the material flow rate is itself controlled 
in accordance with changes in the relative speed 
between the workpiece and the dispensing gun to 
provide a deposit containing a controlled amount of 
liquid material per unit, length along the pattern, a 

40 further aspect of the invention, contemplates modu- 
lating the flow of the gas jets in accordance with a 
toolspeed signal correlated to the same relative 
speed. Yet a further aspect of the invention pro- 
vides an apparatus and method for selectively 

45 varying the conformation of the deposit of liquid 
material over different portions of the pattern 
formed on a given workpiece and/or different work- 
pieces by modulating the flow rate of the gas jets 
in accordance with an auxiliary signal which may 

so conveniently comprise a programmed signal gen- 
erated by the robot controller. This auxiliary signal 
may be combined with a liquid flow rate signal to 
maintain substantial uniformity of each conforma- 
tion selected by . the auxiliary signal despite per- 

55 turbations in the liquid flow rate. Where the liquid 
flow rate is modulated in accordance with a tool- 
speed signal, the toolspeed signal may also be 
utilized, according to the invention to derive a con- 
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trol signal for modulating the flow of the gas jets. 

Notwithstanding the above-described systems, 
it has been observed that undesired disruptions in 
the conformation of a deposit may still arise in 
some types of fluid dispensing systems. For exam- 
ple, when dispensing a bead of material, undesired 
spattered areas may sometimes occur. Applicant 
has discovered that such disruptions can be caus- 
ed by transient changes in liquid pressure due to 
the manner in which liquid is supplied to the dis-. 
pensing gun. For instance, where a reciprocating 
piston pump is used to supply liquid material. under 
pressure to the gun, a momentary pressure drop 
associated with the intake phase of the pumping 
cycle has been found to give rise to disruptions of 
the type illustrated in Fig. 6B. Accordingly, a. fur- 
ther aspect of the invention .relates to avoiding 
disruption of a desirpd conformation due to ir- 
regularities in manneV liquid material is pumped to 
the dispensing gun. Where the liquid pumping cy- 
cle includes one or more intervals associated with 
a significant change in the pressure at which liquid 
is supplied to the dispenser such intervals are 
sensed and the flow of the gas jets modulated to 
compensate for the pressure change to* avoid sig- 
nificant disruption of deposit conformation. 

These and other aspects and . advantages of 
the invention will be apparent from the. following 
detailed description of the invention and drawings 
wherein like numerals- designate like items. 

Brief Description of the Drawings 

Fig. 1 is a schematic cross sectional view of a 
dispensing apparatus constructed according to the 
invention. 

Fig. 2 is a schematic block' diagram illustrating 
a preferred embodiment of a system for dispensing 
fluid materials according to the invention. 

Fig. 3 is a schematic diagram showing a modi- 
fication to the system of Fig. 2 illustrating a first 
alternative embodiment of the invention. 

Fig. 4 is a diagram showing a modification to 
the system of Fig. 2 illustrating a second, alternative 
embodiment of the invention. 

Fig. 5 is a schematic perspective view of a 
bead, B of fluid material having a first conforma- 
tion. 

Fig. 6A is a schematic perspective view of a 
bead B of fluid material having a second conforma- 
tion. 

Fig. 6B is a schematic perspective view of a 
bead, B of fluid material having a second con- 
formation and including a spattered area, S. 

Fig. 7 is a schematic block diagram illustrating 
third and fourth alternative embodiments of the 
invention. 



Detailed Description of theinvention 

Referring now to Fig. 1, a preferred embodi- 
ment of a dispensing gun 10 constructed according 
5 to the invention is shown. Gun 10 includes a C- 
shaped frame 11 having a mounting plate 12 
adapted to be secured to the tool mounting face 13 
of a robot arm (not shown) by means of one or 
more cap screws 14 and alignment pins 15. Frame 

70 1 1 is preferably constructed of a rigid, light-weight 
material such as aluminum alloy and further in- 
cludes, extending "outwardly from, mounting plate 
12, an upper portion 16, and an opposed lower 
portion 17. The upper "portion 16 of frame 11 car- 

75: . ries an electropneumatic servo, actuator 1 8 such as 
a. double-acting air cylinder 19 having a reciproca- 
ble piston rod 20 whose extension is controlled by 
an electrically actuated pneumatic servovalve 21 
■ according to the pressure balance across a piston 

20 22 affixed to piston rod 20. Servovalve 21 may be 
conveniently disposed to the side of air cylinder 19 
(as shown). The lower portion 17 of frame 11 
" carries a metering valve assembly 23 which in- 
cludes a valve body 24 which is of a rigid, nbn- 
: 25 resilient material preferably metal. Valve body 24 
* " . includes , a radial fluid inlet 25 that is threaded so 
that a hose can be attached to connect gun '10 to a 
pressurized supply of the fluid material to be dis- 
pensed. Inlet. 25 communicates, with an axial liquid 

30 passage 26 in which is -disposed a needle valve 27. 
The distal end of valve body 24 threadably re- 
ceives a flow restricting nozzle 29 having an axial 
bore 29b contiguous with liquid passage 26. Nozzle 
29 includes a replaceable, nozzle insert 28 of har- 

35 dened metal or ceramic which is removably .re- 
ceived within a pocket formed within bore 29b. 
Insert 28 defines a reduced diameter, circular liquid 
outlet 30 from which liquid to be dispensed is 
discharged in a stream 31 toward a workpiece, W 

40 to form a bead, B thereon. 

Liquid outlet 30 is surrounded by a series of 
six passageways 32 formed within a gas cap 33 
. that is threadably secured to the outside of the 
distal end of valve body 24. Passageways .32 are 

45 each about 0,91 cm (0.36 inches) in diameter and 
are uniformly radially spaced outwardly of outlet 30 
and are angled downwardly as shown so as to form 
six gas jets 34 focused on stream 31 at a common 
point about 1,7 cm (.671 inches) from outlet 30. 

50 Passageways 32 are supplied with a gas, such as 
air, under pressure by way of a gas inlet 40 formed 
in valve body 24. Gas inlet 40 communicates with 
an annular chamber 35 enclosed by nozzle 29, 
valve body 24 and gas cap 33. Nozzle 29 is 

55 provided with a plurality of vents 36 connecting 
. chamber 35 with an annular manifold 37 to which 
each passageway 32 is in turn connected. 
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For best control, needle valve 27 is located as 
close to nozzle 29 as is practical. Valve 27 includes 
a valve stem 27a having a generally conically ta- 
pered end and a matingly tapered valve seat 27b 
both of which are preferably fabricated of a hard 
material such as sintered tungsten carbide. Valve 
stem 32 is connected to piston rod 20 so that its 
conical end is axially movable both toward and 
away from valve seat 27b so that the flow rate of 
liquid discharged from the outlet 30 of nozzle 29, is 
controlled in accordance with the electrical input of 
electropneumatic servovalve 21 . 

A flow rate sensor 38 generates an electrical 
flow rate signal 39 correlated to the rate of flow of 
fluid discharged from the outlet 30 of nozzle 29. 
Preferably, flow rate sensor 38 comprises a pres- 
sure sensor .threadably mounted in the wall of valve 
body 24 for sensing the pressure 'of the liquid 
being dispensed at a location just upstream of 
liquid outlet 30 and downstream of needle valve 27. 
As "will be described in further detail below, flow, 
rate signal 39. is . preferably used as a feedback 
signal, in one of several ways to be describied, in a 
feedback- control loop configured, to control the rate 
of flow of fluid dispensed from outlet 30, in accor- 
dance with a driving signal representing a desired 
flow rate. In robotic applications, such a driving 
signal may conveniently be derived from a. tool- 
speed signal which varies with the relative speed 
between outlet 30 and the workpiece, W. Such a 
toolspeed signal, supplied by the robot controller, 
can be used to accurately control the amount of 
liquid material per unit length contained in the 
bead, B deposited on the surface of the workpiece, 
W by dispenser 10 as well as to assist in maintain- 
ing uniform conformation, of the liquid material de- 
posited on workpiece, W and/or selectively varying 
said conformation in a manner to be described . 
later. 

Flow rate sensor 38 may comprise any suitable 
sensor capable of generating a flow rate signal 39 
indicative of the rate of flow of the fluid dispensed 
from nozzle 29 such as model A205 manufactured 
by Sensotec of Columbus, Ohio. 

Servo-actuator 18 may incorporate any of a 
number of suitable types of fast-responding, elec- 
trically-actuated servovalves including jetpipe, noz- 
zle-and-flapper, or spool types. In the preferred 
embodiment illustrated in Fig. 1, actuator 18 com- 
prises jet-pipe electropneumatic servovalve 21 
which operates double-acting air cylinder 19. Ser- 
vovalve 21 includes a housing 42 which supports a 
threaded, electrical connector 43 secured thereto 
by screws 44. Wired to connector 43 by way of 
leads 45 are a pair of series-connected coils 46 
which surround opposing ends 49 of an armature 
50 which is mounted to pivot about a pivot point 
51. A hollow, inverted U-shaped jet pipe 52 has 



one leg connected to a regulated air supply (not 
shown) of about 100 PSI nominal pressure through 
a threaded inlet 53 in air cylinder 19 by way of a 
removable screen or filter 54 for trapping par- 

5 • ticulates. The opposite leg of jet-pipe 52 is secured 
near its center to armature 50 so that when ar- 
mature 50 is pivoted clockwise by energizing coils 
46 at one polarity, the flow from jet pipe 52 is 
diverted toward a first port 60 which communicates 

w .with the space above piston 22. Similarly, when 
coils 46 are energized in the opposite polarity, . 
armature 50 pivots counter-clockwisq to direct the 
flow from jet pipe 52 toward a second port 61 
which opens to the space beneath the piston 22 of . 

75 . air cylinder 19. In either polarity, the degree of the 
deflection of jet pipe 52 and hence, the pressure in 
ports 60 and 61 is proportional to the magnitude of 
the control current flowing in coils 46. Armature 50 
is spring centered and magnetically biased such 

20 that when coils 46 are in a de-energized state, jet 
pipe 52 is in a neutral position, centered relative 
ports 60 and 61 as shown so that the pressures in 
ports 60 and 61 tend to be equally balanced. 
Magnetic bias is provided by a pair of permanent 

25 magnets 63 polarized as shown. Each magnet 63 
which communicates with the armature field by 
way of a flux across air gaps 65. This flux is 
conducted to gaps 65 by way of four magnetically 
permeable members 66 arranged as shown.' .' 

30 .Air cylinder 19 is a double-acting type and 

includes an aluminum alloy cylinder body 70,. hav- . 
ing a lower flange 72 which is used to secure the 
body 70 of air cylinder 19 to the upper portion 16 
of frame 1 1 using cap screws 73. Cylinder body 70 

35 includes first and second ports 60, 61, threaded air 
supply inlet 53, filter 54 as well as an axial cylinder 
- bore 75. Piston 22 is received within bore 75 and 
connected to piston rod 20. Piston 22 is fitted with 
a pair of opposed cup seals 78. The space within 

40 bore 75 located above piston 22 communicates 
with first port 60 while the space beneath piston 22 
is connected to second port 61. The direction and 
speed at which piston 25 drives needle valve 27 
depends upon the differential pressure between 

45 .ports 60 and 61 which appears across piston 22. 
As explained above, this pressure differential is 
determined by the deflection of jet pipe 52 due to 
the control current flowing in coils 46. 

Piston 22 is retained within cylinder bore 75 at 

50 the lower end thereof by a cap 80 through which 
passes the lower portion 20a of piston rod 20. To 
prevent air leakage, cap 80 is provided with an 
internal cup seal 81 adjacent piston rod 20 and an 
. external O-ring seal 82 between the outside surface 

55 of cap 80 and cylinder bore 75. Cup seal 81 is 
retained within cap 80 by a snap ring 83. Cap 80 is 
itself retained in the end of cylinder bore 75 by a 
snap-ring 84 which engages a groove cut in .the 
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lower portion of the wall of cylinder body 70. 

Valve body 24 threads onto the lower end of a 
bonnet 97 . and is sealed with respect thereto by 
means of an O-ring seal 98. Bonnet 97 includes an 
internal packing gland 99 which holds a plurality of 
annular PTFE packing seals 100. Seals 100 are 
retained in sealing but nonbinding compression 
about valve stem 27a by means of an adjustable 

. gland nut 101 threaded into the top of bonnet 97. 
To attach metering valve assembly 23 to frame 11, 
bonnet 97 is received by the extending lower por- 
tion 17 of frame 11 and secured thereto at a 
desired angular orientation by means of a locknut 

. 102. This feature is useful where, for example, it is 
found that the fluid supply hose (not shown) which 
connects to fluid inlet 25 interferes with some 
structure in a given application. Locknut 102 can 

; then be loosened and valve body 85 rotated to 
another angular position to avoid the interference, if 
possible. 

.-' Metering valve assembly 23 is connected to' 
• piston rod 20 by means of a coupling .105. having a 
. threaded axial bore 106 into which the lower end 
20a of piston, rod 20 is threaded. The lower end of 
coupling 105 carries a threaded recess 107 which 
receives a bushing 108 whjch has an axial bore 
109 into which the upper end of valve stem 27a is 
. received and secured by means of a press fit. 
Coupling 105 is prevented from unthreading from - 
piston rod 20 by an Allen head type locking screw 
110. 

Gun 10 is provided with a compression spring 
115 between cap 80 and an annular shoulder 116 
.provided on coupling 105. Spring 115 closes valve 
27 in the event the control signal applied to ser- 
vovalve 21 or the air supply to actuator 18 is 
interrupted to avoid an uncontrolled discharge of 
material from gun 10. 

As an option, dispensing gun 10 preferably 
includes a transducer assembly 119 for generating 
a position-dependent velocity signal 120. The de- 
tailed structure and operation of transducer assem- 
bly 119 are fully described , in co-pending, com- 
monly assigned U.S. Patent Application S/N 
07/164,536 incorporated herein by reference ear- 
lier. For present purposes, it is sufficient to note 
that one embodiment of transducer, assembly 119 
includes a coil 134 and a magnet 150 which are 
movable relative one another in a manner which 
tracks the relative motion between the stem 27a 
and seat 27b of metering valve 27. Magnet 150 is 
connected to piston rod 20 for axial movement with 
valve stem 27a while coil 134 remains in a fixed 
position relative valve seat 27b. 

Relative axial movement between coil 134 and 
magnet 150 induces a voltage across coil 134 in 
the form of a position-dependent velocity signal 
120 which has one polarity when valve 27 is mov- 



ing closed and the opposite polarity when valve 27 
is moving open. The magnitude of the position- 
dependent velocity signal 120 varies directly ac- 
cording to the relative velocity between stem 27a 

5 and seat 27b and inversely according to the dis- 
tance between stem 27a and seat 27b. By relating 
the magnitude of the control signal applied to ser- 
vovalve 21 to both the position and the velocity of 
valve 27, transducer .H9 helps to ensure stability. 

10 when valve 27 is more closed without unduly limit- 
ing response time when valve 27 operates more 
slowly and/br at more fully open positions and thus 
permits operation at significantly higher loop gain 
.without risk of instability over the full range of valve : 

75 27. 

As depicted in Fig. 2, dispensing gun 10 is 
carried by the tool mounting face 13 of. a robot 
manipulator having a robot controller (not shown) 
programmed to guide the outlet 30 of nozzle. 29 in 

20 a predetermined path over the surface of work-, 
piece, W to dispense a bead, B of liquid thereon in 
a desired pattern. The metering valve assembly. 23 
of .gun 10 is connected at its fluid inlet 25 with a 
pressurized supply (not shown in Fig. 2) of the 

25 liquid to be dispensed". In order to provide bead, B . 
with a desired conformation, the stream 31 of liquid 
material discharged from the outlet 30. of nozzle 29 
is impacted by a series of downwardly angled gas 
jets 34 which converge on stream 31 at a common 

30 point located between outlet 30 and workpiece W. 
Each gas jet 34 emanates from one of the gas 
passageways 32 formed -in gas cap 33. As sche- 
matically illustrated in Fig. 2, gas is supplied under 
. pressure to gas cap 33 by way of a hose 144 

35 connecting the gas inlet 40 with the gas outlet 145 
of an electropneumatic transducer 146. The flow of 
gas from outlet 145 to passageways 32 is modu- 
lated by electropneumatic transducer 146 in con- 
tinuous, closed loop fashion by a control signal 

40 147. 

Electropneumatic transducer 146 receives gas 
from a supply (not shown) by way of an inlet 148. 
Preferably, electropneumatic transducer 146 com- 
prises a commercially available, current to pneu- 

45 matic transducer with output booster such as a 
Catalog No. T 5226-4 available from Fairchild In- 
dustrial Products Co. of Winston-Salem, NC. 
Where such a transducer is" used, gas inlet 148 is 
suitably connected to a nominal 100 psi air supply. 

so Alternatively, electropneumatic transducer 146 may 
suitably comprise a pump such as an electrically 
driven gas (e.g., air) pump whose output varies in a 
predictable manner according to an electrical input 
signal. In that event, the inlet of the pump could 

55. suitably be connected to atmosphere. Elec- 
tropneumatic transducer 146 is preferably mounted 
in a fixed location remote from dispensing gun 10 
in order to minimize the weight and bulk of the load 



9 



EP 0 373 341 B1 



10 



carried by the robot. At the same time, hose 144 
should be kept as short as possible in order to 
reduce pneumatic lag. Where the flow capacity of 
electropheumatic transducer 146 is Insufficient to 
impart a desired conformation to the deposit of 
liquid material formed on the workpiece, an air- 
piloted regulator such as a model 11-042-005 com- 
pressed air service, pilot^operated regulator manu- 
factured by C.A. No'rgren Co. of Littleton, Colorado 
(not shown) may be connected in series with hose 
144 as a volume booster. 

In order to control the volume of liquid material 
per unit length contained in bead, B, metering 
valve 27 is controlled in closed loop servo fashion 
according to a flow control signal 246 generated by 
a liquid flow rate. controller .200. The structure and 
operation of controller 200 are described in detail 
in previously referenced U.S. Patent Application ; 
S/N 07/164,536. For present purposes, it is suffi- 
cient to note that controller 200 causes metering 
valve 27 to be modulated as required between its 
fully open and fully closed positions in order to. 
produce a desired rate of liquid discharge from . 

!• outlet '30. '.Controller 200 receives, a driving signal 
222 which represents a desired liquid discharge 
rate and which is generated by an amplifier 227 in 
accordance* with a toolspeed signal 228. 

Toolspeed signal 228 is a signal available from 
the robot .controller which varies according to the 

• speed of travel of outlet 30 relative to workpiece, 
VV. Through the robot controller, the gain of signal 
228 can bp adjusted by way of a toolspeed multi- 
plier selected to provide a desired flow rate as a 
function of speed of travel. Standard robot control- 
lers often have available a toolspeed signal 228 
which leads the motion of tool mounting face 13. by 
some amount of time, usually a few tenths of a 
second. Where such a leading toolspeed signal is 
available, a time delay 229 is interposed between 
amplifier 227 and controller 200. Delay 229 is ad- 
justed to equal any excess in time between the 
amount by which toolspeed signal 228 leads the 
motion of gun 10 and the actual lag . in response 
between a step change in driving'signal 222 and a 
corresponding change in flow emanating from out- 
let 30. Delay 229 thus serves to reduce the effect 
of any differences in the response times of the 
liquid and pneumatic portions of the system. 

Flow rate sensor 38 continuously senses the 
pressure drop across nozzle 29 to generate a flow 
rate signal 39 correlated to the actual rate of flow of . 
fluid discharged from the outlet 30 of nozzle 29. 
Signal 39 is received by liquid flow rate controller 
200 to serve as a flow rate feedback signal utilized 
by controller 200 to produce flow control signal 246 
which, as previously noted, is delivered to ser- 
vovalve 21 for controlling liquid flow rate from out- 
let 30. Signal 39 also conveniently serves as 



means for monitoring the pressure of the fluid 
upstream of nozzle 29 for modulating the flow rate 
of the gas jets issuing from passageways 32 to 
control the conformation of the liquid material de- 
5 posited on the workpiece, W in accordance with 
changes in the actual liquid flow rate. For the latter 
. purpose, signal 39 is received and amplified by a 
pre-amp 211 to generate an amplified flow rate 
signal 212 which is received at a summing junction 

70 214. Summing junction 214 also receives the un-. 
delayed output of amplifier 227. Normally, the re- 
sponse time of the pneumatic portion . of the. system 
will be slow enough that no additional time delay is 
required between amplifier 227 and summing junc- 

75 tion 214. However, where toolspeed signal 228 
leads the motion of gun 10 by an amount of time 
that is significantly greater than the response lag of 
the pneumatic portion of the system, an additional 
time delay (not shown) equal to such time dif- • 

20 Jerence should be inserted between the output of 
amplifier 227 and summing junction 214. 

Amplifier .227 is preferably an operational am-, 
plifier whose gain is properly selected to scale 
toolspeed signal 228 so that driving signal 222 as 

25 well as the input to summing junction 214 will lie 
within a range compatible with the rest . of the 
circuit. Amplifier 227 is preferably connected as a 
precision Jimiter such that for inputs between 0 
volts and an adjustable threshold voltage, the volt- 

30 age of driving signal 222 executes a decisive step 
in a polarity direction proper to close needle valve 
27. Typically, the threshold voltage would be ad- 
justed so that when -the toolspeed signal 228 is 
about 50mV or less, needle valve 27 is driven 

35 positively closed. This prevents needle valve 27 
from leaking by providing a negative bias current to 
servovalve 18 effective to drive valve 27 positively 
closed at times when toolspeed signal 228 is either 
not present or is quite small. 

40 Summing junction 214 produces a signal 231 

whose magnitude and polarity correspond to the 
algebraic sum of signal 212 and the output signal 
from amplifier 227. Where required, signal 231 is 
input to a scaling amplifier 235. The output of 

45 scaling amp 235 is then input to a voltage to 
current converter 237 which produces a 4 to 20 
milliamp control signal 147 operable to modulate 
the volume of air delivered by transducer 146 to 
passageways 32. 

so In operation, the system of Fig. 2 functions as 

a closed loop control system to modulate both the 
flow rate of liquid discharged from outlet 30 as well 
as the flow of gas issuing from passages 32. Both 
the liquid and pneumatic portions of the system are 

55 responsive to the pressure drop across nozzle 29 
as sensed by flow rate sensor 38. Where optional 
transducer 119 is used, the liquid portion of the 
system is also controlled in accordance with posi- 
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tion-dependent velocity signal. 120. With needle 
vaive 27 initially closed, no. liquid flow occurs and 
the pressure drop across nozzle 29 is zero. Assum- 
ing toolspeed signal 228 is less than the threshold 
voltage associated with amplifier 227, amplifier 227 
generates a driving sjgnal 222 of the proper polar- 
ity and of sufficient magnitude to cause controller 
200 to generate a control current 246 effective to 
deflect jet pipe 52 toward first port 60. This holds 
piston 22 down so that needle valve 27 is held 
closed under force thereby preventing liquid leak- 
age. Considering the pneumatic portions of the 
system when valve 27 is closed, it can be appre- 
ciated that both input signals to summer 214 are 
small so that signal 231 is likewise small as is . 
control signal 147. Accordingly, electropneumatic 
transducer 146 allows little or no air to flow from 
gas outlet 145 so that little or no air issues from 
passages 32. . . * ; ; 

. The foregoing conditions are maintained until 
toolspeed signal .228 rises., above the threshold 
voltage of amplifier 227 indicating that liquid flow 
should commence. When this occurs, driving signal 
222 reverses polarity. Since there , is -initially no 
flow, amplified flow rate signal 21 2 is at its zero 
value. Since there is initially : no relative movement 
between stem. 27a and seat 27b, position-depen- 
dent, velocity signal 120 is also zero. Controller 200 
causes a control signal 246 to be applied to coils 
46 in such a polarity as to cause jet pipe 52 to 
deflect toward second port 61. In response, piston 
22 begins to move upward causing needle valve 27 
to open by lifting the valve stem 27a away from 
valve seat 27b. When this movement occurs, posi- 
tion-dependent velocity signal 120 assumes a non- 
zero value of a polarity tending to resist movement 
of stem 27a. As the pressure signal 39 generated 
by sensor 38 increases in response to the opening 
of valve 27, controller 200 causes control current 
246 to decrease. Jet pipe 52 moves toward its null 
position and the magnitude of position-dependent 
velocity signal 120 declines toward zero. As the 
pressure drop across nozzle 29 approaches a 
steady state value corresponding to a desired flow 
rate represented by driving signal 222, jet pipe 52 
causes valve 27 to remain open by an amount just 
sufficient to maintain the pressure drop across noz- 
zle 29 at that value. 

Considering the response of the pneumatic 
portion of the system as toolspeed signal 228 rises 
above the threshold of amplifier 227, the output of 
amplifier 227 reverses polarity. As flow of liquid 
commences, signal 212 rises with signal 39 and is 
added to the output of amplifier 227 by summer 
214 causing signal 231 to increase resulting in 
corresponding increases in the output of amp 235. 
and the control signal 147 generated by voltage to 
current converter .237. Electropneumatic transducer 



146 responds by allowing- a flow of gas to pass 
from outlet 145 through hose 144 and ultimately to 
issue as a series of gas jets 34 from passageways 
32. In the illustrated embodiment, those gas jets 34 
5 are angled radially inwardly and downwardly as 
illustrated in Fig. 2 as to focus on the stream 31 of 
liquid discharged from outlet 30 at a common 
point. The impingement of gas jets 34 on stream 
31 pauses the bead B of liquid material deposited 

10 ■ on workpiece W to assume a desired conformation 
which, by way of example may be characterized by 
a flattened, widened profile (as compared to the 
bead that would be formed without gas flow) and 
having a markedly rippled surface as illustrated in 

75 Fig. 6A. Alternatively/gas jets 34 can be oriented 
substantially parallel to stream 31 to impinge on 
the bead, B of material deposited on workpiece, W 
to control its conformation. The total flow of gas 
issuing from passageways 32 thus increases as the 

'20*. flow of liquid stream 31 increases and decreases 
as that flow increases. By so continuously . modulat- 
ing the.gasllow rate. in accordance with the liquid 
flow rate, a substantially uniform conformation, of 
bead B is maintained despite changes in the liquid 

,25 flow rate due to changes in either or both of the 
toolspeed signal 228 or , the driving signal 222. At 
the same time, where such is not desired, the 
invention avoids spattering of bead B as illustrated 
in Fig. 6B; a condition has been found to occur 

30 • when the flow of gas issuing from passageways 32 
is excessive relative the liquid flow rate. Alter- 
natively, where a bead having a more rounded 
profile and .smoother surface is desired as illus- 
trated in Fig. 5, gas jets 34 may be selectively cut 

35 - off. in some cases, a spattered pattern of liquid 
droplets as shown at area S in Fig; 6B may even 
be desired. Such a conformation can be formed by 
providing a gas flow rate sufficient to disassociate 
the liquid stream discharged from the outlet 30 of 

40 nozzle 29. 

Figs. 3 and 4 illustrate first and second alter- 
native embodiments of the invention, respectively, 
which may be implemented as shown by modifying 
the signals presented to summer 214. Referring 

45 initially to Fig. 3, a further aspect of the present 
invention contemplates the addition of an auxiliary 
signal 250 at summer 214 to enable different bead . 
conformations to be selectively deposited on dif- 
ferent workpieces or on different areas of a given 

so workpiece. The robot controller is programmed to 
provide auxiliary signal 250 such that where the 
bead conformation of Fig. 6A is desired, , auxiliary 
signal 250 has a substantially zero magnitude so 
that the system operates as described above with 

55 reference to Fig. 2. However, where the bead con- 
formation of Fig. 5 is desired, the robot controller 
provides an auxiliary signal 250 having a polarity 
and magnitude sufficient to at least cancel the. sum 
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of the other signals received at summer 214 so that 
control signal 147 will cause electropneumatic tran-/ 
sducer 146 to. selectively cut off the gas jets is- 
suing from passageways 32. When this occurs, 
bead B will assume the conformation of Fig. 5 
rather than that of Fig. 6A. Thus different bead 
conformations can readily be provided on different 
workpieces and/or on selected portions of a given, 
workpiece. In cases where a spattered or dispersed 
conformation is desired such as that shown in area 
S of Fig. 6B, auxiliary signal 250 is selected to 
have a polarity and magnitude additive those of the 
other signals received by summer 214 so that 
control signal 147 will cause transducer 146 to ' 
produce a gas flow at jets 34 large enough to 
disintegrate the stream 31 of liquid discharged 
from gun 10. 

In some applications it may not be necessary 
or desirable, to control deposit conformation with 
reference, to the. relative speed between the outlet 
30 of gun 10 and workpiece W. Such may be the 
case for example. where that relative speed is sub- 
stantially constant, at least at times when fluid 
-material is to be delivered from outlet 30.. As illus- 
trated in Fig. .4,' in those .'instances ' summer 214 
may be connected to auxiliary control signal 250 
and the signal 212 emanating from preamp 211 
without 'need of connection to amp 227. This per-, 
mits selectively changing deposit conformation on 
^different workpieces and/or on selected portions of 
a given workpiece but without compensation for 
changes in flow rate occasioned by changes in the 
relative speed between gun 10 and workpiece, W. 

The liquid dispensing systems described 
above have been found to operate satisfactorily 
provided significant sudden drops in the liquid 
pressure supplied to gun 10 by way of inlet 25 dp 
not occur. Where such abrupt changes in liquid 
pressure are encountered, the flow of gas from 
passageways 32 . can become too large in relation 
to the liquid pressure in nozzle 29 to maintain 
adequate control over deposit conformation. When 
this occurs, as illustrated in Fig. 6B, the conforma- 
tion of bead B can be disrupted resulting in a 
spattered area S of liquid material on the surface of 
workpiece, W. This phenomenon can be avoided 
by providing appropriate compensation of gas flow 
to accommodate such changes in liquid supply 
pressure. Two systems for carrying out such com- 
pensation according to third and fourth alternative 
embodiments of the present invention will now be 
described with reference to Fig. 7. 

Referring now to Fig. 7, the flow rate of liquid 
discharged from outlet 30 of the liquid dispensing 
gun 10 carried on the tool mounting face 13 of a 
manipulating robot (not shown) is controlled by -. 
liquid flow rate controller 200 in the manner pre- 
viously described with reference to Fig. 2. Control- 



ler 200 receives a pressure~^feedback signal 39 
from flow rate sensor 38, a driving signal 222 
developed from tool speed signal 228 as pro- 
cessed by amplifier 227 and delay 229 as well as 
5 an optional position and velocity dependent signal 
120 developed by optional transducer 119. From 
these inputs, controller 200 generates a liquid flow 
rate control signal 246 applied to the servovalve 21 
of gun 10 to control liquid flow rate in the manner 
w described earlier. Gun 10 is also fitted with a gas 
cap 33 having a plurality of passageways 32 ori- 
- . ented to form gas jets 34 impinging on the stream 
31 of liquid discharged from outlet 30. Gas is 
conducted to gas cap 33 from an electropneumatic 
75 transducer 146 by way of a hose" 144 in the man- 
ner previously described. The flow, rate of gas 
discharged from transducer 146 is modulated in 
accordance with a control signal 147a which is 
developed in a manner to be described below. 
20. As; Fig. 7 schematically illustrates, liquid ma : 

terial is supplied to the inlet 25 of gun 10 by way of 
a hose 252 and check valve 253 connected to the 
outlet of a reciprocating fluid pump 255. Pump 255 
is itself supplied with liquid material from a bulk 
25 ■ liquid supply '257 by way of a second hose 258 
and check valve 260. Pump 255 is driven by an 
electric motor 261 having an electrical power, input 
263 connected to a suitable power main. Pump 255 
includes a reciprocating plunger 265 which, accord- 
30 ing to a third embodiment of the invention is linked 
to a suitable limit switch operator 267 arranged to 
actuate a limit switch 269 when plunger . 265 
reaches the end of its liquid discharge stroke. 
When plunger 265 reaches the end of its discharge; 
35 stroke, the pressure of liquid being supplied to gun 
10 will undergo a significant momentary drop as 
piston 265 is retracted during an intake stroke to 
refill pump 255 with liquid from bulk supply 257. 
The length of time for that pressure drop to be 
40 transmitted to gun 10 will vary somewhat according 
to the characteristics of the fluid being dispensed 
as well as the length .and compliance of hose 252. 

According to a third embodiment of the inven- 
tion, limit switch 269 is connected to a mono-stable 
45 271 which, in turn, is connected to a time delay 
circuit 273. Time delay 273 is adjusted to delay the 
signal from mono-stable 271 by an amount of time 
sufficient in relation to the time lags associated with 
both the liquid and pneumatic portions of the sys- 
so tern to ensure that the gas pressure as passage- 
ways 32 is periodically reduced by an amount 
necessary to avoid disruption of the conformation 
of the dispensed bead, B for a time interval com- 
mencing at the onset of the pressure drop at the 
55 liquid outlet 30 of gun 10. and continuing at such a 
reduced level until the local liquid pressure in the 
vicinity of outlet 30 rises to normal dispensing 
levels. As noted previously, the time lag of liquid 
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portion of the system i.e., the amount of time for a 
drop in the fluid pressure at pump 255 (as sensed 
in this embodiment by limit switch 269) to manifest 
itself at the outlet 30 of gun 10 will vary somewhat 
in accordance with the length and compliance of 
hose 252 as well as the characteristics of the 

. particular liquid being dispensed. Likewise, . the 
time lag of the pneumatic portion of the system, 
i.e., the operating delay associated with ..elec- 
tropneumatic transducer 146 plus the transmission 
delay associated with transmission of a change in 
pressure from the outlet 145 of transducer 144 to 
passageways 32 will vary with such factors as the 
length and compliance of hose 144. Time delay 
circuit 273 is in turn connected to a scaling am- 
plifier 275 the output of which is connected to a 
.solid state switch 277. For clarity, switch 277 Is 
schematically illustrated in Fig. 7 as . a electro- 
mechanical relay having an operating coil C. The 
output of switch 277 is applied to electropneumatic -" 
transducer 146 in , the form of control signal 147a. 
As illustrated, control signal -147a normally is con-' 

..nected to control signal 147. Control signal 147 
may conveniently be generated in the manner de- 
scribed previously with reference to Fig. 2 as well 
as according to the alternatives described with ref- 
erence to Figs. 3 and 4; For the sake of clarity, the 
circuitry for generating control signal 147 as illus- . 
trated in Figs. 2, 3 and 4 is not duplicated in. Fig. 7 
nor is the description of the operation of that cir- 
cuitry repeated here. When switch 277 is activated. '* 
by amplifier 275, control signal 147a is changed 
from control signal 147 to a reduced pressure 
signal 279 operable to sufficiently reduce the flow 
of gas discharged by transducer 146 to avoid any 
undesired disruption of the conformation of bead, 
B. For this purpose, reduced pressure signal 279 
may conveniently comprise a fixed voltage refer- 
ence. 

In operation, the plunger 265 of pump 255 will 
be driven forward by motor 261 to supply liquid 
under pressure to gun 10 by way of hose 252. 
Upon reaching the end of its liquid discharge 
stroke, plunger 265 is retracted by motor 261 to 
execute, an intake stroke operable to refill pump 
255 from bulk liquid supply 257. The momentary 
pressure drop associated with the intake stroke of 
pump 255 is thus indirectly sensed by limit switch 
269. This pressure drop will become apparent at 
gun 10 only after sufficient time for the pressure 
drop to be transmitted from , pump 255 to gun .10 
by way of hose 252. To avoid any undesired dis- 
ruption in the conformation of the bead, B of fluid 
material applied to workpiece, W such as the spat- 
tering illustrated in Fig. 6B, the invention com- 
pensates the flow of the gas jets 34 emanating 
from passageways 32 at the time when the pres- 
sure drop manifests itself at gun 10. According to 



. this third alternative embodiment of the invention, 
limit switch 269 is actuated by operator 267 when 
plunger 265 reaches the end of its liquid discharge 
■ stroke thus indicating the onset of. a liquid pressure 
5 drop. Limit swjtch 269 triggers mono-stable 271 
which generates a pulse, P having a width, w 
corresponding to the expected length of the pres- 
sure drop. Following the time delay imposed by 
circuit 273, pulse P is transmitted to amplifier 275 

10 which causes switch 277 to switch reduced pres- 
. sure signal 279 onto control line 147a for. a length 
. of time corresponding to the width, w of pulse, . P. 
After the pneumatic lag period described above, 
this results in a decrease in the gas pressure at 

75 passageways 32 at substantially the exact time 
" when the pressure drop from pump. 255 becomes 
apparent at outlet 32 thereby avoiding significant 
disruption of the conformity of the bead B of liquid 
deposited on workpiece W. 

20 A fourth alternative embodiment of the inven- 

■ tion is illustrated in phantom lines in Fig. 7. Accord- 
ing to this embodiment, which is otherwise similar 
.to the third embodiment just described, limit switch 
269, its Operator 267 as well as mono-stable 271 

25 are eliminated. In place of them, delay .273 is fed 
by the output of a comparator 280 having a fixed 
reference input 281 and an inverting input . 282 
connected to a current to voltage converter 290 
placed in series with the power input 263 of the 

30 motor 261 driving pump 255^ 

In operation, the fixed voltage reference input 
281 to comparator 280 is selected such that com- 
parator 280 generates a high level output signal, O 
so long as the voltage signal applied to input 282 

35 . indicates that the power drawn by motor 261 .cor- 
responds to the lower power level associated with 
the liquid intake stroke of pump 255. Signal O 
undergoes a transition to a low level once plunger 
265 begins to be driven forward by motor 261 

40 during the discharge stroke of pump 255 thus 
indicating the end of the low liquid pressure inter- 
val. Signal O is delayed by delay circuit 273 in the 
manner described above to effect a decrease in 
the pressure of gas flowing from passageways 32 

45 at precisely the time each low liquid pressure inter- 
val induced by the pumping cycle of pump 255 
becomes apparent at liquid outlet 30. In this way 
the invention permits maintaining substantial uni- 
formity of the conformation of the bead B of fluid 

so material applied to workpiece W notwithstanding 
significant variation of the pressure at which liquid 
is supplied to gun 10. 

Claims 

55 

1. An apparatus for dispensing fluid material onto 
a workpiece (W), said apparatus comprising: 
inlet means (25) connectable to a source (257) 
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of the material for receiving material from said 
source (257); 

nozzle means (29) communicating with said 
inlet means (25) and having an outlet (30) for 
discharging a stream (31) of the material to- 5 
ward the workpiece (W) to form a deposit (B) 
of the material thereon; 

gas jet forming means (32) for forming at least 

one. gas jet (34) impinging upon at least one 

of, said stream (31) and said deposit (B) to 10 - 

impart a desired conformation to said deposit . 

(B); 

sensing means (38);' and 

control means connected to said sensing 
means (38) and said gas jet forming means 75 
(32); - ... , . - 

characterized in that 

. said sensing means (38) comprises a flow rate 
sensor which generates a signal (39) correlated : 
to the flow rate of the fluid material; and - " 20 - I 

said control means (214) is adapted so as to 
■ utilize said signal (39) for generating a control 
signal (231, 147) for modulating the flow gas 
(34) issuing from said gas jet. forming means 

..(32) as to. maintain substantial "uniformity of 25 
said conformation of said deposit (B) of ma- 

• terial. . 

. ■ ■*■-». 
2. The apparatus of claim i wherein said control . 
means includes means for decreasing said 30 
flow of gas (34) issuing from said gas jet 
forming means (32) when said parameter in- 
dicates a" drop in said pressure of the fluid 
material in order to prevent said gas jet (34) 
from spattering said fluid material on the work- 35 
piece (W). 

i3. The apparatus of claim 1 or 2 further compris- 
ing pump means (255) connected to said inlet 
means (25) for supplying fluid material under 40 
pressure thereto, said pump means (255) de- € 
fining a pump operating cycle including at 
least one interval associated with a drop in 
said fluid material pressure, said sensing 
means (38) operating to determine said interval 45 
by sensing said pump operating cycle. 



one gas jet (34) impinging upon at least one 
of, said stream (31) and said deposit (B) to 
. impart a desired conformation to said deposit 
(B); and 

control means (214) connected to said gas jet 
forming means (32); 
characterized in that 

a manipulator means is provided for effecting 
relative movement between said nozzle (29) 
and said workpiece (W) according along a pre- 
determined path; and 

said control means (214) is adapted so as -to 
utilize ai signal (250) for generating a control 
signal (231, 147) for modulating the flow of gas 
(34) . issuing from said gas jet forming means 
(32) so that said conformation, of said deposit 
(B) can be selectively varied over different 
portions of said path. 

An apparatus for dispensing fluid material onto 
a workpiece (W), said apparatus comprising: 
means for discharging a stream (31) of the 
material under pressure from a nozzle (29) 
having an outlet (30). directed toward the work- 
piece (W); and 

means (32) for directing a flow of gas toward at 
least one of, said stream (31) and a bead (B) 
to impart a desired conformation to said bead 
(B); . . 
characterized by 

means for effecting relative movement, be- 
tween the nozzle (29) and the workpiece (W) 
along a path to deposit said material in the 
form of said bead (B) upon the workpiece (W); 
and 

means (214) for reducing said flow of gas (34). 
when said pressure drops, said reduction be- 
ing sufficient to avoid spattering of the material 
on the workpiece (W). 

The apparatus of claim 5 further comprising: 
means (38) for sensing the pressure of the 
fluid material at a location upstream of said 
outlet (30), and means for initiating said reduc- 
ing step upon sensing a reduction in said 
pressure. 



An apparatus for dispensing fluid materials 7. 
onto a workpiece (W), said apparatus compris- 
ing: . 50 
inlet means (25) connectable to a source (257) 
of the material for receiving material from said 
source (257); 

nozzle means (29) communicating with said 

inlet means (25) for discharging a stream (31) 55 8. 

of the material toward the workpiece (W) to 

form a deposit (B) of the material thereon; 

gas jet forming means (32) for forming at least 



The apparatus of claim 5 further comprising: 
means (255) for pumping the material to said 
nozzle (29) according to a pumping cycle in- 
cluding at least one interval of reduced pump- 
ing pressure, and means for. initiating said re-, 
ducing step in timed relation to said interval. 

A method of dispensing fluid material onto a 
workpiece (W), said method comprising the 
steps of: 

discharging a stream (31) of the material under 
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pressure from a nozzle (29); and 
directing a fiow of gas (34) toward at least one . 
of, said stream (31) and a bead (B) to impart a 
desired conformation to said bead (b); 
characterized by the further steps of s 
effecting relative movement between the noz- 
zle (29) and the workpiece (W) to deposit said 
material in the form of said bead (B) upon the 
workpiece (W); and ... 

reducing said flow of gas (34) when said pres- io 
sure drops. 

9. A method of dispensing fluid material onto a 
workpiece (W), said method comprising the 
steps of: . . 75 

- discharging a stream (31) of the material under 
pressure from a nozzle (29); and ■ 
directing a flow of gas (34) toward at least one . 
of, said stream. (31) and a deposit (B) to impart 
a desired conformation to said deposit (B);- 20 
characterized by the further steps of: 

'.. effecting relative movement between the noz- 
zle . (29) and the workpiece (W) to form said 
: deposit (B) of said material in a pattern on the 
workpiece (W); and . 25 

. .-; modulating said flow of gas (34) in accordance 
with said pressure to maintain substantial uni- . 
formity of said conformation of said deposit (B) 

• over at least a portion of said pattern. 

' ■• * 30 

Patentanspriiche 

1. Vorrichtung zur Abgabe von Fluidmateria! auf 
ein Werkstuck (W), wobei die Vorrichtung auf- 
weist: 35 
EinlaBmittel (25), die mit einer Materiaiquelle 
(257) zum Zufuhren von Material aus der Quel- 
le (257) verbindbar sind, 

Dusenmittel (29), die mit den EinlaBmitteln (25) 
in Verbindung stehen und einen. Auslafi (30) aq 
zur Abgabe eines Materialstroms (31) in Rich- 
tung auf das WerkstCick (W) aufweisen, urn 
. eine Materialablagerung (B) darauf zu bilden, 
Gasstrahlbildungsmittel (32) zum Erzeugen we- 
nigstens eines Gasstrahls (34), mit dem zumin- 45 
dest der Materialstrom (31) oder die Ablage- 
rung (B) beaufschlagt wird, urn der Ablagerung 
(B) eine gewunschte Gestalt zu verleihen, 
ein Erfassungsmittel (38), und 

ein Steuermittel, das mit dem Erfassungsmittel so 
(38) und den Gasstrahlbildungsmitteln (32) ver- 
bunden ist, 

dadurch gekennzeichnet, daB das Erfassungs- 
mittel (38) einen DurchfluBmengensensor um- 
fafit, der ein mit der DurchfluBmenge des 55 
Fluidmaterials korrelierendes Signal (39) er- 
zeugt, und , 

da/3 das Steuermittel (214) dazu eingerichtet 



ist, unter Verwendung-dieses Signals (39) ein 
Steuersignal (231, 147) fur die Anpassung des 
von deh Gasstrahlbildungsmitteln (32) abgege- 
benen Gasstromes (34) zu erzeugen,. urn die 
Gestalt der Materialablagerung (B) im wesentli- 
chen gleichmaBig zu halten. 

2. Vorrichtung nach Anspruch 1 , bei der das 
Steuermittel Mittel beinhaltet, die den aus den 
Gasstrahlbildungsmitteln (32) . abgegebenen 
Gasstrom (34) verringern, wenn dieser Para- 

. meter einen Abfall im Druck des Fluidmaterials 
anzeigt, um ein Verspritzen des Fluidmaterials 
auf dem Werkstuck (W) durch den Gasstrom 
(34) zu verhindern. 

3. , Vorrichtung nach Anspruch 1 oder -2, die wei- 
. . terhin Pumpenmittel (255) umfaBt, welche mit 

den EinlaBmitteln (25) zum Zufuhren von uhter 
Druck stehendem Fluidmaterial dorthin verbun- 
den sind und welche einen Pumpenbetriebszy- 
klus bilden, der zumindest ein einen Abfall des 
.Fluidmaterialdrucks aufweisendes Intervall "be- 
inhaltet," wobei das Erfassungsmittel (38) die- 
ses. Intervall durch . Erfassen des : Pumpenbe- 
. triebszyklus bestimmt. . 

4. Vorrichtung zur Abgabe von Fluidmaterialien 
auf ein Werkstuck (W), wobei die Vorrichtung 
aufweist: 

EinlaBmittel (25), die mit einer Materiaiquelle 
(257) zum Zufuhren von Material aus der Quel- 
le (257) verbindbar sind, 

Dusenmittel (29), die mit den EinlaBmitteln (25) 
zur Abgabe eines Materialstroms (31) in Rich- 
tung auf das Werkstuck (W) in Verbindung 
stehen, um eine Materialablagerung (B) auf 
dem Werkstuck (W) zu bilden, 
Gasstrahlbildungsmittel (32) zum Erzeugen we- 
nigstens eines Gasstrahls (34), mit dem zumin- 
dest der Materialstrom (31) oder die Ablage- 
rung (B) beaufschlagt wird, um der Ablagerung 
(B) eine gewunschte Gestalt zu verleihen, und 
ein Steuermittel (224), das mit den Gasstrahl- 
bildungsmitteln (32) verbunden ist, 
dadurch gekennzeichnet, daB ein Handha- 
bungsmittel zum Ausfuhren einer Relativbewe- 
gung zwischen der Duse (29) und dem Werk- 
stuck (W) entlang eines vorbestimmten Weges 
vorgesehen ist, und 

daB das Steuermittel (214) dazu eingerichtet 
ist, unter Verwendung eines Signals (250) ein 
Steuersignal (231, 147) fur die Anpassung des 
von den Gasstrahlbildungsmitteln (32) abgege- 
benen Gasstroms (34) zu erzeugen, so daB die 
Gestalt der Ablagerung (B) uber verschiedene 
Abschnitte des Weges wahlweise variierbar ist. 
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5. Vorrichtung zur Abgabe von Fluidmaterial auf 
ein Werkstuck (W), wobei die Vorrichtung auf- 
weist: 

Mittel zur Abgabe .eines unter Druck stehenden 
Materialstroms (31) aus einer Duse (29), die 5 
. einen auf das Werkstuck (W) gerichteten Aus- 
laB (30) aufweist, und 
. Mittel (32) zum Richten eines Gasstrorhs in 
Richtung auf zumindest den Strom (31) oder . 
eine Raupe (B), urn der Raupe (B) eine ge- w 
wtinschte Gestalt zu verleihen, - 
gekennzeichnet durch Mittel zum Ausfuhren 
einer Relativbewegung zwischen der Duse (29) 
und dem Werkstuck (W) entlang eines Weges, 
um das Material in Form der Raupe (B).auf 75 
dem Werkstuck (W) aufzubringen, und . 
Mittel (214) zum Reduzieren des Gasstroms 
(34) bei Druckabfall,. wobei die Reduzierung 
. ausreicht, um ein Verspritzen des Materials auf . 
dem Werkstuck (W) zu ve.rhindern. ' .20 

6. Vorrichtung ' 'nach Anspruch -5 : die weiterhin 
aufweist: 

Mittel (38) zum , Erfassen des . Fluidmat'eriai- 
drucks an .einem Ort stromaufwarts des Aus- . 25 
lasses (30), und 

Mittel. zum Einleiteh des : Reduzierungsschrittes '■ * 
nach Erfassen eines Druckabfalls. \ 

7. Vorrichtung nach Anspruch 5, die weiterhin 30 
aufweist: 

Mittel. (255). zum Pumpen des Materials zu der 
Duse (29) entsprechend einem Pumpenzyklus, 
der wenigstens ein Intervall mit reduziertem 
Pumpdruck beinhaltet, und 35 
Mittel zum Einleiten des Reduzierungsschrittes 
in zeitlich abgestimmter Beziehung zu dem 
Intervall. 

8. Verfahren zur Abgabe von Fluidmaterial auf ein 40 
Werkstuck (W); bei dem die folgenden Schritte 
vorgesehen sind: 

Abgabe eines unter Druck stehenden Material- 
stroms (31) aus einer Duse (29), und 
Richten eines Gasstroms (34) in Richtung auf 45 
zumindest den Materialstrom (31) oder eine 
Raupe (B), um der Raupe (B) eine gewdnschte 
Gestalt zu verleihen, 

gekennzeichnet durch die weiteren Schritte: 
Ausfuhren einer Relativbewegung zwischen 50 
der Duse .(29) und dem Werkstuck (W), um 
das Material in Form der Raupe (B) auf dem 
Werkstuck (W) aufzutragen, und 
Reduzieren des Gasstroms (34) bei Druckab- 
fall. ' 55 

9. Verfahren zur Abgabe von Fluidmaterial auf ein 
Werkstuck (W), bei dem die folgenden. Schritte 



vorgesehen sind: . 
Abgabe eines. unter Druck stehenden Material- 
stroms (31) aus einer Duse (29), und 
Richten eines Gasstroms (34) in Richtung auf 
wenigstens den Materialstrom (31) oder eine 
Ablagerung (B), um der Ablagerung (B) eine 
gewunschte Gestalt zu verleihen, 
gekennzeichnet durch die weiteren Schritte: 
Ausfuhren einer Relativbewegung zwischen 
der Duse (29) und dem Werkstuck (W), um die 
. Materialablagerung (B) auf dem Werkstuck (W) 
in einem Muster zu bilden, und . 
Anpassen des Gasstroms (34) entsprechend 
dem" Druck, um die GleichmaBigkeit der Ge- 
stalt der Ablagerung (B) uber zumindest einen 
Abschnitt des Musters im wesentlichen zu er- 
halten. 

Revendications 

1. Appareil de distribution de" materiau fluide sur 
une piece a traiter (W), ledit appareil compor- 
tant : . 

des moyens (25) formant ..orifice d'entree 
pouvant. etre relies ' a une source . (257) de 
. materiau pour recevoir le materiau a partir de 
ladite source (257), . ' 

des moyens (29) formant . buse communi- 
quant avec lesdits moyens (25) formant orifice 
d'entree et comportant un orifice de sortie (30) 
destine a decharger un flux (31) de materiau 
en direction de la piece a traiter (W) pour 
former un depot (B) de materiau sur celle-ci, 

des moyens (32) de mise en forme de jets 
de gaz pour mettre en forme au moins un 
premier jet de gaz (34) heurtant au moins un 
parmi ledit flux (31) et ledit depot (B) de ma- 
niere a donner une conformation voulue audit 
depot (B), 

des moyens de detection (38), et 

des moyens de commande relies, auxdits 
moyens de detection (38) et auxdits moyens 
(32) de mise en forme de jets de gaz, 

caracterise en ce que 

lesdits moyens de detection (38) compor- 
tent un debitmetre qui engendre un signal (39) 
en correlation avec le debit du materiau fluide, 
et 

lesdits moyens de commande (214) sont 
adaptes pour utiliser ledit signal (39) de manie- 
re a engendrer un signal de commande (231, 
.147) destine a moduler le debit de gaz (34) 
sortant desdits moyens (32) de mise en forme 
de jets de gaz de mantere a maintenir une 
uniformite importante au niveau de ladite 
conformation dudit depot (B) de materiau. 



12 



23 



EP 0 373 341 B1 



24 



70 



75 



2. Appareil seion la revendication 1, dans lequel 
lesdits moyens de commande comportent des 
moyens pour diminuer ledit debit do gaz (34) 
sortant k partir desdits moyens (32) de mise 
en forme de jets de gaz lorsque ledit parame- 
tre indique une chute de ladite pression de 
materiau fluide afin d'empecher que" ledit jet 
de gaz (34) n'engendre des projections consti- 

' tu^es dudit materiau fluide sur la piece a trai- 
tor (W). V z 

3. Appareil .seion la revendication 1 6u 2, com- 
porlant - en' outre des moyens (255) formant 

" Z pompe relies auxdits moyens (25) formant ori-/ 
•': fice d f entree pour alim enter I e materiau fluide 1 

A; sous pression vers ceux-ci , lesdits m oy ens . 

■; (255) formant pompe definissant un cycle ope- , 

. ^ratoire \de vpohrjpe comportant - au ' moins, un 
Zj : intervalle Vassocie a une chute /de Tadite ;pres- 

Z sion . -" du.' materiau fluide, . lesdits moyens de 
;fvC;Jo^iectipn determiner ledit 

.^5 -.interval lelen detectant (edit cycle bperatoi re de 
■ ' -iUJa pompe/' " 5 : i ■ \ , 

"zz^Z/ZZZ^Z' zz z ' - ■• . ; . • .. ■ - 

4v- , -;^ppafeil / de distribution, de materiau fluide sur 
^;une piece "a traiter (W), ledit appareil compor-- • ■ - : Z: Z 6- 

: v v^es4jmoyens (25) formant orifice 4 d'entree 
pouvant r etre ; relies a une . source (257) de 
' materiau 'pour* recevoir le materiau a partir de 
ladite source (257), :. ■ : ^ 

des moyens (29) formant' buse communi- .' *"''■ 
quant avec lesdits moyens (25) formant orifice 
. d'entree^pour decharger un flux (31) de mate- , \ 
riau en direction de la piece a traiter (W) afin 35 
de former un depot (B) de materiau sur celle- f 
. ci, ' . • 

des moyens (32) de mise en forme de jets 
de gaz pour former au moins un premier jet de 
gaz (34) heurtant au moins un parmi ledit flux 40. 
(31) et ledit depot (B) afin de donner une 
conformation voulue audit depot (B), et 

des moyens de commande (214) relies \ 
auxdits moyens (32) de mise en forme de jets 
de gaz, 45 
caracterise en ce que 

des moyens formant manipulateur sont 
agence*s pour entratner un de*p!acement relatif 
entre ladite buse (29) et ladite piece k traiter 
(W) seion un trajet predetermine*, et so 

lesdits moyens de commande (214) sont 
adapted pour utiliser un signal (250) destine k 
engendrer un signal de commande (231, 147) 
pour moduler le debit de gaz (34) sortant des- 
dits moyens (32) de mise en forme de jets de 55 
gaz, de telle sorte que ladite conformation du- 
dit depot (B) puisse etre modifiee de maniere 
selective sur des parties diffeVentes dudit tra- 
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Appareil de distribution de materiau fluide sur 
une piece k traiter (W), ledit appareil compor- 
tant : 

des moyens pour decharger un flux (31) 
de materiau sous pression k partir d'une buse 

(29) comportant un orifice de sortie (30) dirige 
vers la piece a traiter (W), etyyZyi-^ ; :\_ ".. '.Z.Z 

des moyens (32) pour diriger^un v ecqule- 
ment de gaz en direction d'au moinsjuV 
ledit flux (31) et un cordon ;(B)?af in. *ae ! !qpnher;i 
/une conformation voulue audit cordon (B), ;: fe7 v 
* ..> caracterise en ce qu'il comporte^ 

des moyens poyr^entr^ 
■.merit. relatif entre Iaub0se$^ 
traiter, (W) seion un trajet afin^de jclepbser ledit » 
materiau sous la forme duclit "corddrfcfBi's'dr.la'l 
piece a traiter ( W) , '-et j_ : '.Z ^Z Z^ CZ ^ • Z- ';^Z ::, ^ 
. , , des moyens (21 4) [ pourrreduire tjedit debit 
de' gaz (34) lorsque ladite' pression chute', 'ladi- 
te reduction etant suffisante pour eviter la for- 
mation de.;projections constituees de materiau 
sur Ja piece a traiter "(W). Z -:Z^Z.Z ^Z-y^-ZZ^ 

Appareil seion la revendication 5, ; comportant. 

• .^.en outre / ~ZZJ0i'?ZZ^ 

ZZ:~: - des "moyens J38) ^ou 

: • • 'd u m ate ri au ; fluide aoj niveau d [ un^em pi ace- 
\ ■ Z ment sitiie : :en amoht Jiduclit "orifice ;^de sortie : 

(30) , et des moyens pour initier ladite etape de 
reduction des la detection d*une reduction de 
ladite pression. '■/■ '■)ZZ. :Z 

\ Appareil seion la revendication 5, comportant 
. en outre : ' • 

des moyens (255) pour pom per le mate- 
riau vers ladite buse (29) seion un cycje de 
pompage comportant au moins un intervalle de 
pression de pompage reduit, et des moyens 
pour initier ladite etape de reduction en synch- 
ronisation avec ledit intervalle. 

L Procede de distribution de materiau fluide sur 
une piece & traiter (W), ledit proc£d6 compor- 
tant les etapes consistant k : 

decharger un flux (31) de mateViau sous 
pression a partir d'une buse (29), et 

diriger un ecoulement de gaz (34) en di- 
rection d'au moins un parmi ledit flux (31) et 
un cordon (B) pour donner une conformation 
voulue audit cordon (B), 

caracterise en outre en ce qu'il comporte 
les etapes consistant k 

entratner un deplacement relatif entre la 
buse (29) et la piece k traiter (W) pour depo- 
ser ledit materiau sous la forme dudit cordon 
(B) sur la piece a traiter (W), et 
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require ledit debit de gaz (34) lorsque ladi- 
te pression chute. 

Procede de distribution de materiau fluide sur 
une piece a traiter (W), ledit procede compor- 5 
tant ies etapes consistant a : 

decharger un flux (31) de materiau sous 
pression a partir d/une buse (29), et 

diriger un ecoulement de gaz (34) en di- 
rection d'au moins un parmi ledit flux (31) et ■". w 
un depot (B) pour donner une conformation 
voulue audit depot (B), 

caracterise en outre en ce quMI comporte • 
Ies etapes consistant a : 

entratner un deplacement relatif entre la . 75 
buse (29) et la piece a traiter (W) pour mettre 
en forme ledit depot (B) constitue dudit mate- 
riau selon un motif donne sur la piece a traiter 
(W), et • 

moduler ledit debit de gaz .(34) en fonction 20 
de ladite pression -pour maintenir une uniformi- 
te importante au niveau de ladite conformation . . 
. dudit depot (B) sur au N moins "une partie. dudit 
motif. ., . - - ■*. ' ■■.*■ 
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